Cell lysates of acetate-grown Methanosarcina barkeri 227 were found to cleave acetate to CH4 and CO2. The aceticlastic reaction was identified by using radioactive methyl-labeled acetate. Cell lysates decarboxylated acetate in a nitrogen atmosphere, conserving the methyl group in methane. The rate of methanogenesis from acetate in the cell lysates was comparable to that observed with whole cells. Aceticlastic activity was found in the particulate fraction seperate from methylcoenzyme M methylreductase activity, which occurs in the soluble fraction. Pronase treatment eliminated methylcoenzyme M methylreductase activity in lysates and stimulated aceticlastic activity, indicating the aceticlastic activity was not derived from unbroken cells, which are unaffected by proteolytic treatment.
Methane is produced from acetate (by decarboxylation), H2-CO2, methanol, formate, and methylamines (4, 7, 20, 27, 29) . In non-gastrointestinal ecosystems acetate is the principal methanogenic precursor (1, 5, 28) , and its utilization is influenced by the presence of other methanogenic substrates. For example, Methanosarcina barkeri 227 uses H2-CO2 or methanol for methanogensis before using acetate even though it is one of the few methanogens that can catabolize acetate (6, 15, 27) . Not only is H2-CO2 preferred, but evidence now suggests that H2 inhibits aceticlastic activity (2, 11, 15, 18) .
Acetate-grown M. barkeri 227 contains enzymes and cofactors-2-mercaptoethanesulfonate (coenzyme M), methylcoenzyme M (CH3-S-CoM) methylreductase, hydrogenase, and coenzyme F420-used for the reduction of CO2 by H2 and at levels comparable to those in H2-CO2-grown cells (3) . Yet information on the enzymology of the aceticlastic reaction is scant at best (31) . The reason for the lack of information is probably due to the following: (i) the difficulty encountered in growing the methanogens on acetate in quantities sufficient to prepare cell lysates; (ii) the foregone conclusion that decarboxylation of acetate is not a viable energy-generating reaction (15, 24, 30) ; (iii) the fact that the majority of methanogens use H2-C02 or formate and not acetate to produce CH4 (16) Cells were routinely cultivated at 37°C in the following: (i) 50 ml of medium in 125-ml serum bottles (Wheaton Scientific Div., Wheaton Industries, Millville, N.J.); (ii) in 400 ml of medium in 1-liter bottles (no. 219760; Wheaton Scientific) modified to accommodate syringe injection (1); (iii) in 10 liters of medium in 13-liter carboys with specially adapted metal plates that allowed continuous regulated pressure release and anaerobic syringe injection; and (iv) in 225 liters of medium in a 250-liter fermenter. A Arlington Heights, Ill.) (3) . Labeling studies were accomplished by gas chromatography with a thermal conductivity detector followed by a Packard gas proportional counter or by combusting the gas chromatograph effluent and traping CO2 in 10 ml of Aquasol scintillation fluid containing 1 ml of phenethylamine. Gas samples for radioactive gas analysis were obtained by acidifying the reaction mix with phosphoric acid before gas sampling.
Proteolytic hydrolysis. Proteolytic hydrolysis of cell lysate was performed by mixing equal volumes of M. barkeri lysate with either 0.5% trypsin, 0.5% papain, or 0.5% pronase in their respective buffers (see below). The lysate was incubated at 37°C for 20 min while flushing with N2 and then adjusted to pH 6.6 to 6.8 with anaerobic HCI or NaOH. The pronase buffer solution consisted of 20 mM phosphate buffer (pH 7.5), 26 mM NaCl, 5.4 mM KCI, 10 (more than 94% of the [2-14C]acetate ended up in C02, whereas 6% was converted to CH4). Increased oxidation of acetate to CO2 has also been reported for cultures exposed to H2 (9) . Hydrogen inhibited by 80% the rate of methanogenesis in lysates from acetate-grown cultures.
The growth substrate used for culturing M. barkeri also markedly influenced the aceticlastic activity of the M. barkeri lysate. Cells grown on acetate then transfered to medium in which H2-CO2 was the sole energy source exhibited decreased aceticlastic activity after two generations (Table  2) . Cultures transfered more than eight times on H2-CO2 in the absence of added acetate did not show detectable aceticlastic activity, even though low levels of acetate (<2 mM) contributed by yeast extract and Trypticase were present in the medium. Methanobacterium thermoautotrophicum grown in acetate-supplemented medium with H2-CO2 contained no detectable aceticlastic activity. On the other hand, methyl reductase activity was present regardless of the growth substrate (Table 2) in both M. barkeri and M. thermoautotrophicum.
In vitro properties of the aceticlastic reaction. CH4 was produced from acetate by cell lysates in an N2 atmosphere at a constant rate for at least 300 min (Fig. 2) Location of aceticlastic activity. Under the proper conditions, aceticlastic activity of lysates was similar to that of whole cells (Table 3) . After centrifugation of the lysate (10,000 x g, 10 min), methanogenic activity from acetate was associated with the pellet (85%). Only 2% of the methanogenic activity from acetate was present in the soluble fraction. Unlike the intact cells, the cell lysate and pellet possessed elevated activity for methyl group oxidation (<3, 9, and 12%, respectively).
The lysate was fractionated further by discontinuous gradient centrifugation (Table 4) . Methanogenic activity from acetate was distributed throughout fractions 2 (1 M sucrose) and 3 (a distinct band between the 1 and 2.2 M sucrose bands), whereas the majority of CH3-S-CoM methylreductase activity was in the first fraction (0.3 M sucrose). As much as 87% of the total aceticlastic activity resides in fractions 2 and 3, yet fractions 2 and 3 contain less than 17% of the original cell lysate protein. Microscopic examination of the fractions revealed cell ghosts in fractions 2 and 3 and unbroken cells in the pellet. The pellet contained only a small fraction of the total methanogenic activity of the lysate and, along with fraction 2, exhibited substantial activity for methyl group oxidation. Thus CH3-S-CoM methylreductase activity was separated from aceticlastic activity by sucrose gradient centrifugation.
Effects of proteolytic enzymes on methanogenesis from acetate. Lysates from acetate-grown cells were subjected to proteolytic hydrolysis in an attempt to distinguish particulate enzyme activity from soluble enzyme activity. CH3-S-CoM methylreductase is a soluble enzyme in strain 227 (3) and was thus used as a marker for the presence of soluble enzyme activity. As expected, when cell lysates where treated with trypsin or papain, methyl reductase activity was destroyed ( Table 5) . As much as 88% of the CH3-S-CoM methylreductase activity was lost when lysates were subjected to hydrolysis by papain. Pronase destroyed CH3-S-CoM methylreductase, but stimulated methanogenic activity from acetate two-to threefold. Trypsin was ineffective in destroying aceticlastic activity, whereas papain reduced the aceticlastic activity by 30%. The inhibitory effect of papain and the stimulatory effect of pronase provide further evidence that the aceticlastic activity found in the lysate is not due to intact cells, which are unaffected by these treatments, but due to the presence of accessible enzyme.
Proteolytic enzymes also exhibited an inhibitory effect on oxidation of the methyl carbon of acetate to CO2 (indicating that the oxidation of acetate methyl group to CO2 was mediated by a soluble enzyme system). This was first noticed with a crude preparation showing low methanogenic activity and increased levels of methyl group oxidation. This particular preparation produced only 0.1 nmol of CH4 per min with as much as 21% of the methyl group of acetate oxidized to CO-(normally around 5% of the methyl group of (7, 15, 20, 29) . The Km for acetate in the enzyme preparation was 5.12 mM, which compares favorably with that found for cells (27) . Hydrogen inhibited methanogenesis from acetate in cell lysates; this is contrary to earlier reports of stimulation by H2 (of methanogenesis from acetate) in intact cells (11, 32) .
The inhibitory effects of H2 on in vitro methanogenesis from acetate agrees with similar effects reported for intact cells (2, 15, 18, 30, 33 Pronase treatment of cell lysates enhanced methanogenic activity from acetate. It is significant that neither trypsin nor papain increased methanogenic activity from acetate, although all of the proteolytic enzymes would be expected to destroy soluble enzymes or to affect methanogenesis by unbroken cells in the same manner. The reason for the specific enhancement of methanogenesis from acetate by pronase is not clear, but selective effects of proteases have been reported for membrane-bound proteins (5, 12, 25) . In Methanobacterium ruminantium and M. thermoaiatotrophiciam CH3-S-CoM methylreductase (22, 23) , hydrogenase (19) , and the hydrogenase-ATP synthetase complex (8) are closely associated with the particulate fraction. In this study the aceticlastic components were also associated with the particulate fraction.
In vitro methanogenesis from acetate was found to be inhibited by the same inhibitors and at similar concentrations reported for in vivo systems (2, 27) . Like CH3-S-CoM methylreductase, the in vivo aceticlastic reaction was inhibited by 2-bromoethanesulfonate (27) . CH3-S-CoM is the methyl carrier in the terminal step of methanogenesis from H2-CO2 and methanol for M. barkeri 227 (26) . Whether CHR3-S-CoM is envolved in the aceticlastic reaction cannot be ascertained from these studies.
